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Postoperative intracerebral hemorrhage is a rare but devastating complication of carotid 
endarterectomy. Intracerebral hemorrhage on the side contralateral to the carotid 
endarterectomy has been reported only twice before in the literature. We present acase of 
fatal postoperative right intracerebral hemorrhage after left carotid endarterectomy in an 
81-year-old patient. A review of the literature and a discussion of the pathophysiology of
this condition is presented. (J VASC SURG 1995;22:68-72.) 
Postoperative intracerebral hemorrhage is a rare 
complication of  carotid endarterectomy (CEA), with 
a reported incidence of  less than 1%. The factors 
predisposing to this devastating complication are 
believed to be recent cerebral infarction, systemic 
hypertension, and perioperative anticoagulation. The 
theory of  normal pressure hyperperfusion after cere- 
bral revascularization has been suggested as an 
explanation for intracerebral hemorrhage after CEA 
in the absence of  these factors. 
O f  the 48 cases of  post-CEA intracerebral hem- 
orrhage reported in the literature, only two occurred 
contralateral to the operative side. We present a case 
of  fatal postoperative intracerebral hemorrhage con- 
tralateral to the side of  CEA, 
CASE REPORT 
The patient is an 81-year-old white woman who came 
to the emergency room 6 days after a drop attack described 
as "legs giving out suddenly." She was holding a teapot at 
the time and sustained first- and second-degree burns to her 
right forearm. The event was not associated with dizziness, 
and she denied any loss of consciousness or seizure-like 
activity. She was able to get up immediately after the fall. 
Her main complaint at the time of presentation was a 
painful ump on the back of her head. She gave a history of 
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being somewhat unsteady on her legs with mild left arm 
weakness for 1 month before her presentation. 
The patient had a medical history of hypertension and 
was taking verapamil hydrochloride, alprazolam (Xanax), 
and acetyl salicylic acid regularly. She lived alone and 
denied alcohol or tobacco abuse. 
Physical examination on admission revealed an elderly 
white woman in no acute distress. Her heart rate was 
regular at 78 beats/min, and her blood pressure was 130/70 
mm Hg. She was alert and oriented to person, place, and 
time. There was a 7 cm fluctuant hematoma in the posterior 
parietal aspect of the scalp. The neck was supple, and there 
was a high-pitched left carotid bruit. The cardiopulmonary 
examination was within normal limits. The neurologic 
examination revealed left inferior quadrantanopia and a 
mild left facial droop. Motor function was 5/5 throughout, 
the deep tendon reflexes were nonspastic, and the plantar 
responses were normal. Sensory and cerebellar function 
were intact. Peripheral pulses were palpable bilaterally. 
A 12-lead electrocardiogram revealed normal sinus 
rhythm and a questionable old inferior myocardial infarc- 
tion. A head computed tomography (CT) scan showed an 
old small right parietofrontal infarction (Fig. 1). There was 
a large superficial scalp hematoma in the left posterior 
parietal area. Duplex carotid artery ultrasonography re- 
vealed total or near-total occlusion of the right internal 
carotid artery and a greater than 80% stenosis of the left 
internal carotid artery. There was decreased flow in the left 
vertebral artery with an open right vertebral artery. An arch 
aortogram and bilateral selective carotid arteriograms 
showed complete right internal carotid artery occlusion, 
greater than 85% left internal carotid artery stenosis, 
high-grade left vertebral artery stenosis, and an open right 
vertebral artery. The right cerebral circulation filled via 
collateral vessels from the left cerebral system. 
A cardiac workup included a normal echocardiography 
result and 24-hour Holter monitor. The patient was 
deemed to be an acceptable candidate for surgery from the 
cardiac standpoint. 
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Fig. 1. Preoperative head CT scan shows old small right 
parietofrontal infarction. 
Fig. 2. Postoperative head CT scan shows large right 
frontal cerebral hemorrhage with rupture into right lateral 
ventricle and extension into fourth ventricle. 
The patient was taken to the operating room for a left 
CEA under general anesthesia and electroencephalographic 
monitoring. She had not received anticoagulation i  the 
preoperative p riod. On induction of anesthesia the patient 
had a brief episode of systemic hypotension with a systolic 
blood pressure of 70 to 80 mm Hg. The electroencepha- 
logram showed profound global changes with episodes of 
burst suppression. It was decided to proceed expeditiously 
with carotid artery shunting and endarterectomy. An 
urgent left carotid artery dissection and shunt placement 
was performed after a standard intraoperative dose of 
heparin (5000 units). There was some return of the 
electroencephalogram to baseline after placement of the 
shunt. The endarterectomy was then performed rapidly 
with the blood pressure maintained at 140 to 160 mm Hg 
throughout the whole case. The electroencephalogram, 
however, never returned completely o baseline. 
After completion of the surgery the patient underwent 
extubation i the operating room, moved allextremities on 
command, and had returned to her baseline neurologic 
function. In the recovery room 2 hours later, the patient 
rapidly became nonresponsive and required reintubafon. 
She had areflexia nd then started posturing with medial 
deviation of the eyes. Her pupils became nonreactive. The 
patient then rapidly progressed tospastic paralysis and had 
development of clonus. Carotid artery duplex scanning 
showed a wide open left carotid artery. The patient was 
treated with hyperventilation a d mannitol while a head 
CT scan was obtained. This revealed a large right frontal 
erebral hemorrhage with rupture into the right lateral 
ventricle and extension i to the fourth ventricle. There was 
a subfalcine herniation anteriorly (Fig. 2). 
Given the severity of the hemorrhage and its diffuse 
nature, the patient was not considered a candidate for 
surgical evacuation of the hematoma. She did not recover 
neurologically and died in the next 24 hours. 
DISCUSSION 
Intracerebral hemorrhage has been known to be 
a complication of CEA since the reports by Breutman 
et al) and Wylie et al. 2 in the early 1960s. Both 
groups concluded that the basic reason for a hemor- 
rhagic infarction is restoration of blood flow into a 
recently ischemic area of brain. Wylie et al. 2 recom- 
mended that "there exists a critical period following 
the onset of cerebral infarction during which resto- 
ration of patency of an occluded extracranial artery 
may cause fatal cerebral hemorrhage." As more 
experience with CEA was accumulated, it became 
widely appreciated that restoring flow to an occluded 
internal carotid artery predisposed to postoperative 
intracerebral hemorrhage. 3 
In patients with a stenotic but nonoccluded 
internal carotid artery, however, intracerebral hem- 
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orrhage after CEA has a much lower incidence. It has 
been associated with previous cerebral infarct, un- 
controlled perioperative hypertension, perioperative 
anticoagulation, and the normal pressure hyperper- 
fusion (breakthrough) syndrome. 4 The characteristic 
features predisposing to this syndrome, which was 
originally described in patients undergoing surgical 
correction of intracerebral rteriovenous malforma- 
tions, 5 are clinical or radiologic evidence of preop- 
erative hypoperfusion followed by intraoperative or
postoperative documentation of increased cerebral 
perfusion. 6 In patients with tight internal carotid 
artery stenosis, a chronic state of ipsilateral cerebral 
hypoperfusion develops. This can be documented 
angiographically by the presence of poor collateral 
blood supply and slow flow in the middle cerebral 
artery, as was shown in 13 of 14 patients with 
postoperative intracerebral hemorrhage in a series 
from the Mayo Clinic. 6 Chronic cerebral capillary 
vasodilation then develops and is believed to lead to 
loss of cerebral microcirculatory autoregulation. 7 
Abrupt restoration of ipsilateral blood flow by CEA 
would then lead to hyperpeffusion despite anormal 
blood pressure and thereby lower the threshold for 
disruption of the microcirculation resulting in hem- 
orrhage. 8 
This hyperperfusion has been documented in 
several studies to be 2 to 3 times normal. In the Mayo 
Clinic series measurement of cerebral blood flow by 
intra-carotid artery injection of xenon 133 showed 
that blood flow to the ipsilateral hemisphere in- 
creased by more than a 100% above baseline in nine 
of 14 patients with postoperative intracerebral hem- 
orrhage. 6 Sundt et al.7 from the same group showed 
that a more than 200% increase in postreperfusion 
blood flow was associated with a higher complication 
rate. 
Histopathologic correlation of this phenomenon 
was documented by Bernstein et al. 9 in autopsy 
findings after a fatal post-CEA intracerebral hemor- 
rhage in a patient with normal blood pressure. The 
ipsilateral hemisphere showed microscopic hanges 
resembling those seen in malignant hypertension: 
swelling of endothelial cells, hyperplasia of small 
arterioles, extravasation of erythrocytes, and exuda- 
tion of fibrin. These changes were not seen in the 
contralateral hemisphere; however, of note was that 
the contralateral internal carotid artery was patent. 9 
The fact that their patient had normal blood pressure 
and bled into noninfarcted brain strengthened the 
theory of normal pressure hyperperfusion asa cause 
of postoperative intracerebral hemorrhage. It appears 
that chronically ischemic brain regions that are not 
frankly infarcted may be predisposed tohemorrhage 
after reperfusion. This was documented by Solomon 
et al. 4 in their series of eight patients with post-CEA 
intracerebral hemorrhage, five of whom bled into 
essentially normal brain. 
The degree of ischemia in carotid artery stenosis 
is obviously affected by the collateral f ow, including 
the state of the contralateral carotid artery and the 
other extracranial vessels. CEA in patients with con- 
tralateral carotid artery occlusion has not been shown 
to increase perioperative or late stroke rates or 
mortality ratel°,n; however, McCarthy et al. 12 re- 
ported that such patients may have a greater isk of 
intracerebral hemorrhage. In their series of CEA in 
81 patients with contralateral occlusion, intracerebral 
hemorrhage was responsible for two of the four 
postoperative strokes. There were no incidents of 
intracerebral hemorrhage in the 445 patients with 
patent contralateral internal carotid arteries. 12 
In reviewing the literature we could find docu- 
mentation of only eight cases of contralateral occlu- 
sion out of 48 cases of intracerebral hemorrhage. 
Several authors, however, described "extensive bra- 
chiocephalic occlusive disease" associated with the 
stenotic lesion undergoing repair, including Hafner 
et al. 8 in 60% of 10 cases ofintracerebral hemorrhage 
and Piepgras et al. 6 in 13 of 14 patients with 
hemorrhage. It appears that contralateral occlusion 
may not be a risk factor in and of itself, but as part of 
a more global pattern of poor collateral flow and 
hypoperfusion. 
In our patient several risk factors were present, 
including hypertension, global hypoperfusion with 
vertebral artery stenosis and contralateral carotid 
artery occlusion, and a remote small contralateral 
cerebral infarction. Her presenting symptoms were 
consistent with global hypoperfusion, and her vas- 
cular anatomy indicated chronic bihemispheric sch- 
emia. She did not receive heparin before operation, 
however, making excessive anticoagulation less of a 
prominent risk factor in her. The only way to ex- 
plain her right hemispheric bleeding after a left CEA 
would be to hypothesize contrallateral hyperperfusion 
through collateral vessels from the left internal 
carotid artery to a chronically ischemic right hemi- 
sphere. We could not document an area of recent 
acute ischemia on preoperative CT scanning. It is 
certainly possible that the patient's drop attack 
represented a recent infarction not seen on the 
preoperative CT scan; however, this is unlikely 
because the patient was admitted a full 6 days after 
her incident, and the scan was obtained aday later. In 
addition, the patient's preoperative mild neurologic 
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Table I. Reported series of ICH after CEA 
Author No. of patients Side of ICH 
Carotid artery occlusion 
Ipsilateral Cont~alateral Recent stroke Deaths 
Breutman et al. I 6 Ipsilateral 
Wylie et al. 2 5 4 Ipsilateral, 1 contralateral 
Caplan et al) 4 2 Ipsilateral 
Bernstein et al.9 1 Ipsilateral 
Solomon et al. 4 8 7 Ipsilateral, 1 contralateral 
Hafner et al. 8 10 Ipsilateral 
Piepgras et al. 6 14 Ipsilateral 
McCarthy et al) 2 2 Ipsilateral 
Total 48 
0/6 2/6 5/6 5/6 
3/5 0/5 5/5 5/5 
0/2 0/2 0/2 2/2 
0/1 0/1 0/1 1/1 
0/8 2/8 0/8 5/8 
0/10 1/10 0/10 10/10 
1/14 1/14 0/14 8/14 
0/2 2/2 - 0/2 
4/48 8/48 37/48 
ICH, Intracerebral hemorrhage. 
deficit had been documented on physical examination 
1 month before her presentation. 
We believe that the electroencephalographic 
changes seen during induction of anesthesia were 
caused by a profound hypoperfusion that was prob- 
ably multifactorial in origin. We do not believe that 
she had a massive ischemic infarct at that time, 
however, because she demonstrated an immediate 
postoperative neurologic recovery. Because of  the 
massive nature of the bleed and the demonstration f
signs of acute brain death, the decision was made not 
to attempt surgical evacuation of  the hematoma 
given the extremely poor outcome in these patients, 
with a mortality rate of 80% (Table I). 
There are two other similar cases in the literature. 
Wylie et al. 2 reported a65-year-old man who under- 
went a left CEA after recovery from a syncopal 
episode for critical stenosis of  the left internal carotid 
artery and occlusion of the right. Three days after 
operation the patient died of massive right hemi- 
spheric hemorrhage. The right vertebral artery 
was occluded, and the left vertebral was critically 
stenosed. No other risk factors were commented on. 2 
Solomon et al.4 described a 73-year-old man who 
underwent a right CEA for a symptomatic mildly 
stenotic ulcerated lesion. He had a benign postoper- 
ative course but was admitted 2 months later with a 
large hemorrhage into the left frontoparietal region. 
No other risk factors were mentioned. 
The first case reported by Wylie et al.2 is very 
similar to our patient; however, the time it took for 
the intracerebral hemorrhage to occur was much 
shorter in our patient. Most studies demonstrating 
increased perfusion after CEA measured cerebral 
blood flow during operation and documented an 
immediate increase in ipsilateral flow. 7 Many of  the 
reported patients with intracerebral hemorrhage after 
CEA presented more than several days after opera- 
tion, however, and there has been no demonstration 
of cerebral hyperperfusion beyond this time frame. 
Schroeder et al)3 studied cerebral blood flow for 
several days after CEA in a patient with contralateral 
occlusion by use of  intravenous xenon cerebral blood 
flow measurements. They demonstrated a marked 
bilateral hyperperfusion immediately after endarter- 
ectomy, reaching approximately 200% of the preop- 
erative resting values 2 to 4 hours after operation and 
dropping gradually to values near the preoperative 
levels over the next 5 to 6 days. 13 It is therefore 
difficult o implicate hyperperfusion as the only cause 
for hemorrhage in those patients presenting several 
days later. This report also implies significant collat- 
eral flow to the contralateral hemisphere after reper- 
fusion in a patient with contralateral occlusion and 
explains the findings in our patient who also had 
contralateral occlusion. 
In conclusion, postoperative intracerebral hem- 
orrhage is an extremely rare but devastating compli- 
cation of CEA. Suggestions for prevention are 
unfortunately imited to strict perioperative control 
of  hypertension i patients with critical stenosis and 
chronic cerebral hypoperfusion. Contralateral hem- 
orrhage after CEA is even less common, with this 
being only the third case reported in the literature. It 
is not, however, unheard of and should be considered 
as a possible complication in patients with critical 
stenosis of one carotid artery associated with occlu- 
sion of  more than one of  the remaining extracranial 
vessels. 
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